The influence of acidity on the growth of plants in water-culture has been studied by investigators with varying results. Many have reported a beneficial effect of moderate acidity; whereas others have succeeded in demonstrating equally good growth in solutions of widely different hydrogen-ion concentration. Citations to the literature can be found in a paper by the writer (5) dealing with the effects of acidity on the calcium and magnesium requirements of Xanthi tobacco in aseptic culture.
Experimental procedures
Each plant of oriental Xanthi tobacco was grown singly in a 2j-gallon pyrex glass jar with ten liters of nutrient solution and aerated continuously with compressed air by means of sintered, pyrex glass aerators. The solutions were replenished only with distilled water during the course of the experiment. The jars were protected from light with wooden boxes and masonite pressboard lids, the external surfaces of which had been painted a white color. The internal surfaces were coated with spar varnish. Thorough mixing of the solutions with the precipitated salts on the bottom of the jars was brought about twice weekly by vigorous agitation with air.
The cultures were placed in rows ten wide and six deep on the eastern side of the greenhouse. Those to the' east (5 x 6) were used for the magnesium series and those to the west (5 x 6) for the calcium series. The acid and neutral cultures were alternated from south to north. Increasing concentrations of calcium and magnesium were arranged from east to west. The cultures furthest east were about 30 inches from the glass.
The seedlings for use in the water-cultures were germinated in wooden greenhouse flats of sterilized sand mixed to a light gray color with magnetite. They were watered with a diluted nutrient solution or distilled water as the occasion demanded. When the leaf spread was about 2. inches the roots were washed and the seedlings transferred to the jars. The plants were harvested at the beginning of blossoming.
The nutrient solution used in the germination flats and the jars contained per liter: calcium nitrate (4 H20), 1 Weekly pH averages were obtained by mixing samples of equal volume from each of the duplicate jars before determinations with a glass-electrode meter. The solutions were stirred before sampling. Height of the plants was also recorded weekly, the distance measured being from lid to base of the apical bud or first bald sucker. The weights refer to air-dried plants.
Preliminary experiments for evaluation of iron compounds Preliminary experiments were performed to determine the best source of iron to be employed. The salts compared included ferric chloride, ferric citrate, ferric ammonium citrate, ferric potassium tartrate, ferric pyrophosphate, and colloidal (dialyzed) iron. The data are summarized in table I, and show no significant qualitative indication of superiority by any one compound; though ferric ammonium citrate gave smaller plants. Ferrous sulphate has also been employed subsequently and gave almost identical results. The rapid formation of a brownish precipitate in each jar would also indicate that no great difference could be expected. It was necessary, Stirring of the solution was considlered to have a twofold beneficial effect. It perhaps aided slightly the dissolution of the precipitate, although the small aeration stream was probably adequate in itself for this purpose. Its major effect was to coat the roots with a layer of the precipitated salts. The results obtained through agitation-that is absence of iron chlorosis and rapid growth-are attributed to improved absorption of minerals.
The reagents employed appeared to be relatively low in trace elements. This is an important consideration in work on iron nutrition of the plant, since the symptoms of iron deficiency can be produced by the presence of ** Combined total yield of the magnesium series was 5.8% greater under acid than neutral conditions; of the calcium series 5.6% greater under neutral conditions. chlorine ion as substituent for nitrate. The average yields of the different levels of the minerals increased for the first three levels, reached a maximum on the fourth level and declined on the fifth level indicating an optimum around the fourth level. When taken separately, magnesium yields were optimum at the third level while calcium yields were best at the fourth level. No significant difference was present in the values for magnesium and calcium requirements at the two levels of acidity. The height data were not analyzed statistically, but the values appear to be relatively similar to those obtained for yields.
Although acidity variation within the range of pH 4.63 to 7.06 did not show statistical significance between the average yields in either the calcium or magnesium series, the average yield was 2.7 gm. higher in the magnesium series at the acid level, and in the calcium series 2.8 gm. higher at the neutral level. Depression in yield under the influence of high acidity has, as already mentioned, been attributed to a diminution in absorption of calcium. These differences although not statistically significant do indicate trends that are in agreement with the work of previous investigators.
Discussion of results
Adequate iron nutrition has always been a matter of some difficulty in water-culture studies. The standard procedure employed is the frequent addition of small quantities of iron salt. The results of these experiments would indicate that this procedure is unnecessary and lacking perhaps in precision. The initial addition of the total quantity of iron needed by the plant is effective if the contents of the jar are vigorously stirred at intervals. Addition of the iron salt and the other components of the solution several weeks before insertion of the seedlings appeared to be without effect even though a heavy precipitate had been formed immediately on mixing. Absorption of iron was as effective in neutral solution as in acid. The heavy coating of precipitate on the roots apparently served as an adequate source of supply. They agree with the results of numerous workers in sand cultures with dissolved and insoluble iron compounds where the roots are in contact with undissolved iron salt.
The use of initial acidities of pH 4.6 and pH 7.0 were without maj or influence on the absorption of magnesium and calcium as measured by yields, if the precaution was taken of vigorously stirring the solution at frequent intervals. The purpose of the stirring was to insure adequate contact between root and precipitate in the nutrient solution. Nevertheless indications of a definite trend were evident in the somewhat larger yields with increased acidity in the magnesium series; and the decreased yields in the calcium series. These trends agree therefore with the results previously obtained in aseptic culture as indicating the deleterious effect of excessive acidity on the calcium requirement of the tobacco plant.
The minor effects of a variation in acidity in this study are puzzling to some extent in view of the many experimental results in the literature to the contrary. A probable explanation for the differences reported may consist in the omission from consideration of the possible presence of excessive quantities of trace elements in the culture media. The presence of fairly large quantities of zinc, copper, manganese, aluminum, and so on would cause a display of an increased toxicity with increased activity. The pres-ence of low quantities of trace elements in the reagents employed in these experiments is presumed, since omission of zinc, copper, or boron led to the production of characteristic deficiency symptoms.
The use of hydrochloric acid and sodium hydroxide for adjustment of acidity; and of chlorides of calcium and magnesium gave appreciable and variable concentrations of chloride and sodium ions. Inspection of table III will disclose that wide differences in concentration of these ions were of little influence on the heights and weights of the plants. Though the acid solutions were much higher in chloride and lower in sodium than the neutral solutions, growth was almost identical at the two levels. A similar comparison between the calcium and magnesium series, the former much higher in chloride, will reveal that the plants of the calcium series averaged 51.8 gm. and those of the magnesium series, 47.7 gm. There was therefore a barely significant advantage at the 5%o level shown for high chloride. All or part of this difference, as previously mentioned, might be attributable to a position effect in the greenhouse.
Summary
Water-culture experiments with oriental Xanthi tobacco in the greenhouse were carried out to determine the effect of acidity (initial pH 4.6 and 7.0) on the calcium and magnesium requirements of the plant. Trace-element impurities were at a level sufficiently low to permit production of moderate symptoms of zinc, copper, and boron deficiency. Large 24-gallon containers with a fixed charge were used and water only replenished. No difficulty was experienced with iron nutrition if the solutions were vigorously stirred semi-weekly so that the roots became covered by a heavy coating of the precipitated iron, phosphate, etc. The relative freedom from toxic quantities of trace-element impurities was also conducive to good iron nutrition. The absence of a major effect of acidity on the calcium and magnesium requirements at the 5%o level of variance was also attributed to the absence of deleterious quantities of trace-element impurities. A definite trend was indicated by a 5.8%o increase in average yield in the magnesium series; and a 5.6% decrease in average yield in the calcium series at the acid level. 
